Objective: The aims of this study were to evaluate senior year pharmacy students' perceptions of and knowledge about generic medicines and generic substitution and to explore factors influencing these students' future generic substitution practices.
INTRODUCTION
In the recent past, expertise of pharmacists has been extended to more of patient care role in Malaysia [1] and worldwide. This means that pharmacists are now trained to prevent, identify and resolve medicine-related problems and consider cost-effective measures to improve patient health care management. [2] The quality use of generic medicines is also important to get maximum therapeutic benefits and pharmacists can play an important role in this regard. [3] In this context, researchers studied the role of pharmacists in reducing healthcare costs by generic substitution in Penang, Malaysia and found that good communication between pharmacists and physicians can play an important role in reducing these costs. However, the authors indicated the need of developing a national health care policy, especially when it comes to generic substitution of class B poison drugs. [1] In Canada, Pereira et al. showed that although most patients and physicians accept the therapeutic equivalence of generic and brand leader warfarin use, but still some physicians and patients/users have concerns on this, which can influence both prescription and compliance. [4] A web-based national survey on generic medicines and substitution conducted in Australia revealed that in-depth understanding of bioequivalence procedures and other generic medicine licensing procedures might be required by the health care professionals in Australia. [5] To address this situation of no-confidence attitude on generic medicines researchers have investigated the level of understanding and perception of pharmacists about generic medicines. [5] Such studies give a general outcome that practicing pharmacists both preregistrants and fully registered pharmacists need to be provided more knowledge regarding safety and efficacy of generic medicines.
We hypothesized that the knowledge of generic medicines provided to pharmacy students in Malaysia is not playing as effective a role as it should. Therefore, this study was conducted to test this hypothesis and to identify the specific gaps in knowledge and perceptions of the senior year pharmacy students about generic medicines.
MATERIALS AND METHODS
A modified survey instrument [5] in the form of a paper based, printed questionnaire was designed and used to gather the data. Ethical clearance was obtained from the Joint Ethics Committee of School of Pharmaceutical Sciences, USM-Hospital Lam Wah Ee (USM-HLWE/IEC/2010 [0002]). A written and signed permission letter was also acquired from the respective deans/departmental chairman of the pharmacy schools from five public universities in Malaysia offering a 4 year bachelors in pharmacy degree.
Third year pharmacy students of these five public universities were considered eligible for this survey as they had already taken courses encompassing generic medicines and bioequivalence and could represent the knowledge, perception, and attitude of senior year pharmacy students of Malaysia. Participation in this time limited survey was voluntary and responding to the questionnaire indicated the consent of study participants to take part in this research.
Statistical analysis
Data analysis was performed using SPSS version 17.0 
RESULTS

Characteristics of the study respondents
A total of 364 students from five different universities offering pharmacy course in Malaysia responded to the survey. Demographic characteristics, responses to questions on regulatory limits and therapeutic equivalency are shown in Table 1 . Table 2 reflects the perceptions held by the study participants toward generic medicines. In general, students had mixed perceptions toward the efficacy, safety, and comparability of generic medicines.
Generic medicine information and related issues
The respondents were inquired about general information related to generic medicines. Major limitations were seen, whereby participants demanded more information on safety issues of generic medicines and reported lack of confidence on brand switching [ Table 3 ]. Learning preferences of the study respondents In response to learning preferences of the respondents, majority preferred expert assisted learning followed by peer assisted learning [ Table 4 ]. For favored educational tools, lecture notes were the choice of half of the respondents followed by textbooks and web based education.
Association of perceptions towards generic medicines and study variables
The association between age and perception toward generic medicines is presented in Table 5 . In terms of the affectivity of generic medicines, age group was found to be significantly associated (P = 0.009, φc = 0.183).
Mann Whitney test revealed a significant association for efficacy and side-effects of the generic medicines with gender (P = 0.007, P = 0.023, respectively). The mean rank analysis revealed females to be positively associated with the study questions (ranks = 189.25 vs. 156.36 and 188.08 vs. 160.48, respectively).
DISCUSSION
Our study, first of its kind in Malaysia investigated the knowledge and perceptions of 3 rd year pharmacy students regarding generic medicines in five public universities of Malaysia. Generic medicines are 20-90% cheaper than their counterpart innovator brands [6] and in the present study, 60% respondents agreed to this notion.
Knowledge of bioequivalence is important as it ensures the safety, efficacy and quality of generic medicine. [7] Majority respondents agreed that generic products rated as "generic equivalents" are therapeutically equivalent to the innovator brand product as well as to each other [2, 8] but almost half of them could not answer the correct range for bioequivalence criteria set by the Drug Control Authority of Malaysia, a finding similar to previous reports. [5, 9, 10] In contrast to earlier reports that contradict our findings showing that respondents, more than 70% [8] and 43.3%, [11] this study showed that the majority of the respondents perceived generic medicines as bioequivalent to innovator medicines. [2] At the same time, nearly half of our respondents believed that innovator medicines are required to meet higher safety standards than generic medicines. [2, 5, 11] This conflict might have been due to lack of knowledge and understanding of the procedures, rules and regulations of generic medicines approval in Malaysia. This reflected the deficiency in students' knowledge about pharmacokinetic parameters in establishing bioequivalence of generic medicines, although this topic had been covered in their pharmacy curricula. [2, 8] This was probably due to the lack of bridging between the knowledge of bioequivalence testing to generic medicines.
CONCLUSION
The findings highlight that pharmacy students need a better understanding of the principles and concepts of bioavailability, bioequivalence and the Malaysian drug regulatory procedures. It is suggested that these gaps in the knowledge and perceptions of generic medicines can be overcome by developing and utilizing an audio-visual education package interconnecting these concepts. 
